We have cloned and sequenced the cDNA coding for human HepG2 acetyl-CoA carboxylase (ACC; EC 6.4
Acetyl-CoA carboxylase (ACC) plays a pivotal role in the metabolism of fatty acid biosynthesis. It catalyzes the carboxylation of acetyl-CoA to form malonyl-CoA, which is the rate-limiting and committed step in de novo fatty acid biosynthesis. Apart from being the donor of C2 units for the synthesis of long-chain fatty acids and very long-chain fatty acids (1) , it also is involved in the synthesis of polyketides (2) and possibly in an as yet unknown compound or pathway (3, 4) . MalonylCoA also regulates (3-oxidation by regulating the carnitinepalmitoyl-CoA transferase shuttle system (5) . In bacteria, the carboxylase consists of three distinct and separable proteins: the biotin carboxyl carrier protein, the biotin carboxylase, and the transcarboxylase. However, in the ACC of eukaryotes, these proteins are part of a single multifunctional polypeptide. The structure, function, and regulation of ACC have been extensively investigated (6) (7) (8) (9) (10) (11) (12) (13) (14) . The yeast ACC gene FAS3 (9) and the cDNAs coding for rat (10) and chicken (14) ACCs have been cloned and sequenced. The predicted amino acid sequences of these eukaryotic carboxylases are very similar, with >90% identity between the rat and chicken ACCs and -34% between these carboxylases and the yeast carboxylase. Recent evidence indicates that rat liver and heart contain two isoforms of ACC that have molecular masses of 265 kDa and 280 kDa, respectively (15) (16) (17) . The 265-kDa ACC is the classical ACC involved in the production of malonyl-CoA for fatty acid synthesis (1) . The 280-kDa ACC may be the one involved in the regulation of fatty acid oxidation (16) .
Kim and coworkers (18) recently reported the cloning and sequencing of the human ACC cDNA. We have also cloned the human ACC cDNA by using HepG2 cells. Herein, we present the sequence of human ACC cDNA § and the chromosomal localization of the gene and discuss the differences between our results and those reported recently by Kim and coworkers The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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MATERIALS AND METHODS
Materials. All radioisotopes were purchased from ICN. Cell culture media and sera were purchased from GIBCO/BRL. Restriction enzymes, T4 DNA ligase, and reverse transcriptase were purchased from New England Biolabs. The sources of the human yeast artificial chromosome (YAC) library and the human chromosome 17-specific cosmid library were as described (19) .
Cloning ofHuman ACC cDNA. Based on the rat ACC cDNA sequence (10), two oligonucleotides (bases 2335-2358 and bases 7022-7038) were synthesized and used as primers for cDNA synthesis by employing HepG2 total RNA. PCR was performed by using additional primers based on the rat ACC sequence (10) , and the products were cloned into the Sma I site in Bluescript or pUC vectors.
Miscellaneous Procedures. Screening and characterization of the YAC and cosmid libraries and fluorescence in situ hybridization were as described (19) . Culturing of HepG2 cells (20) , RNA isolation (21) , Western blot analysis (22) , Northern blot analysis (23) , random primer labeling (23) , and DNA sequencing (24) were as described.
RESULTS
Isolation and Sequence Analysis of Human ACC cDNA. By using PCR techniques with primers specific to rat ACC cDNA and HepG2 total RNA, we were able to isolate seven overlapping cDNA clones that covered the entire coding region of human ACC (Fig. 1) . The primers designed for cDNA synthesis and PCR contained ATG or CAT (Met codon) at the 3' end to ensure higher specificity. The sequence of the region that corresponded to the rat primers used was confirmed by the overlapping clones.
The nucleotide sequence has an open reading frame of 7038 nt (Fig. 2) Proc. Nati Acad Sci USA 92 (1995) Recently, Ha et at (18) reported a human ACC cDNA 3' end varies considerably from our sequence (Fig. 2) . To sequence assembled from clones isolated from a human abillustrate this point, we compared the partial sequence and its dominal fat cDNA library, which formed the 3' end of the variance from Ha et at (18) (18) . Based on these results, the cDNA of Ha et at (18) derived from HepG2 cells (bases 1-4410) and the abdominal fat cDNA library (bases 4411-7020) represent two different, albeit related, sequences they somehow combined. Consequently, their sequence is neither full-length HepG2 ACC nor abdominal fat ACC-like.
To determine whether the cDNA sequence derived from the abdominal ACC clones was also present in human liver cells, we used two primers based on the sequence of the abdominal clones (forward primer, nt 4939-4960; reverse primer, nt 6000-6020 [18] ), PCR-amplified, cloned, and sequenced a 1.1-kb fragment from normal human liver mRNA (Clontech). The sequence was 100% identical to that obtained from the abdominal cDNA clones (18) , suggesting that human liver also contains this ACC-like mRNA.
Northern blot analysis of HepG2 total RNA with our ACC cDNA probes showed that the ACC mRNA is -10 kb in size. Probing the multiple-tissue Northern blot (Clontech) with the same probes showed that the intensity of the signal associated with the 10-kb mRNA varied (Fig. 3A) . The ACC mRNAs from cardiac, brain, placental, skeletal muscle, renal, and pancreatic tissues showed relatively intense hybridizing bands. However, the 10-kb band could not be detected in the liver tissue and was expressed at a low level in the pulmonary tissue (Fig. 3A) . The actin mRNA, on the other hand, was present in nearly equal amounts in all lanes (Fig. 3A) . Different results, however, were obtained when the same Northern blot was stripped and reprobed with the 550-bp EcoRI-BamHI fragment of the 1.1-kbp ACC-like cDNA we isolated as indicated above. Skeletal muscle, hepatic, and cardiac tissues gave a strong hybridization signal, whereas other human tissues either A B (2 kb) . The extra band shown in lanes 1 and 6 is that of the 3-actin isoform (1.6-1.8 kb) present in these tissues. Because of the intense actin bands, A is a composite of two photographs; the upper one was taken after a long exposure and the lower one was taken after a short exposure. had a very low-level signal or produced no positive band (Fig.  3B) . Although the lengths of the probes used, the specific radioactivity, and the time of exposure to the x-ray film differed in the Northern blot analyses (Fig. 3) , the apparent tissue-specific expression of the HepG2 and the abdominal fat ACC-like mRNAs within each blot indicates that the abdominal form of ACC may be more predominant in normal human heart, liver, and skeletal muscle. The lack of expression of HepG2-type ACC in the human liver tissue we tested may be unique and, because of its regulation by diet and hormones, may not represent what occurs in normal liver.
Isolation and Characterization of Human ACC YACs. We isolated a genomic clone by screening a human A genomic library (Clontech) with cDNA fragment c (Fig. 1) . By sequencing a 5-kb EcoRI fragment from this clone with primers generated from HepG2 ACC cDNA, we identified an exonic sequence representing bases 1708-1852 (Fig. 2) . Two unique oligonucleotides, forward primer, bases 1745-1764, and reverse primer, bases 1832-1852 (Fig. 2) , were then used to amplify a 109-bp DNA from human genomic DNA. By using these two primers, eight YACs were isolated by PCR-based screening of the Centre d'Etude Polymorphisme Humain library (19) . Five of these YACs each contained a single artificial chromosome and hybridized to various ACC cDNA fragments (Table 1) . By using avidin-conjugated fluorescein isothiocyanate Alu PCR probes (19) generated from YAC 414H8, we localized ACC specifically on both sister chromatids in the region of chromosome 17q12 in 10 metaphase spreads (data not shown). On the other hand, theAlu PCR probes from three of the YACs (Table 1) hybridized to chromosomal position 17q12 and to other chromosomal locations, suggesting that these three YACs are chimeric. In addition, YACs 287E10, 343H7, and 414H8 hybridized to both the 5' and the 3' ACC cDNA probes (Table 1) . These results suggested that the three YACs, which are at least 480 kb in size, contain the entire coding region of the ACC gene.
To confirm the YAC-mapping results and to obtain manageable genomic fragments of the human ACC gene, we isolated 10 clones from a human chromosome 17-specific cosmid library by screening it with 32P-labeled PCR probes that included the 5' and 3' ends of the human ACC cDNAs. DNA from four of these cosmid clones (26H5, 12G8, 46B12, and 62C12) was also used in the fluorescence in situ hybridization analysis. All four cosmids hybridized to chromosome 17q12, thereby further substantiating the assignment of the human ACC gene to that chromosome. The results obtained with one of these clones (62C12) are shown in Fig. 4A . Southern blot analysis using different human cDNA probes revealed that at least six overlapping cosmids, each of -40 kbp, were needed to cover the coding region of the ACC cDNA, suggesting that the size of the gene containing the required nucleotides is at least 200 kbp.
DISCUSSION
We have cloned the human ACC mRNA from HepG2 cells. The cDNA sequence of HepG2 ACC and the predicted amino acid sequence are highly homologous with those of rat, chicken, and yeast ACCs (9, 10, 14) . The data presented in this report indicate that the recently reported human ACC sequence (18) was a chimeric sequence created by combining two sequences, HepG2 ACC (bases 1-4410) and the sequence (bases 4411-7020) from the cDNA clones isolated from a human abdominal fat library. As shown in Fig. 2 , we could not determine how Kim and coworkers (18) overlapped the two sequences, bases 4521-5032 from HepG2 cDNA and bases 4867-6277 from abdominal fat cDNA. Furthermore, the ACClike cDNA clone we isolated from human liver tissue also hybridizes to an mRNA of 10 kb, but its distribution in various other human tissues differs from that of HepG2 ACC mRNA (Fig. 3) . Clearly, the two mRNAs represent the products of two genes that are highly related and may represent two ACC isozymes. This conclusion is further supported by the findings of Thampy (15) and Saddik et at (16) that rat heart contains two forms of ACC, which have molecular weights of 265,000 and 280,000, respectively. Recently, it was shown that even rat liver contains both forms of ACC and that the two enzymes may be encoded by two genes (17) . It must still be proven, however, whether the cDNA sequence of the abdominal fat cDNA reported by Ha et at (18) and the corresponding sequence that we have cloned from human liver cells represents the sequence of the 280-kDa form of ACC. It is also noteworthy that the human ACC gene we isolated is located on chromosome 17q12 (Fig. 4) , which differs from the location of the ACC gene on chromosome 17 as determined by Kim and coworkers (25) . The identity and catalytic function of the abdominal fat ACC-like sequence and its relationship to ACC remain to be determined.
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